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(57) An information recording medium that is excel- 
lent in repeated-rewriting performance and is deteriorat- 
ed less in crystallization sensitivity with time is provided, 
with respect to which high density recording can be car- 
ried out. A method of manufacturing the same also is 
provided. The information recording medium includes a 



substrate (11) and a recording layer (14) disposed 
above the substrate (11). The recording layer (14) con- 
tains, as constituent elements, Ge, Sb, Te, Sn, and at 
least one element M selected from Ag, Al, Cr, Mn, and 
N and is transformed in phase reversibly between a 
crystal phase and an amorphous phase by an irradiation 
of an energy beam. 
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Description 

[0001] The present invention relates generally to an information recording medium with respect to which information 
can be optically recorded, erased, rewritten, and reproduced, and to a method of manufacturing the same. 
[0002] In a phase-change information recording medium, information is recorded, erased, and rewritten using a 
recording layer that is transformed in phase reversibly between a crystal phase and an amorphous phase. When this 
recording layer is irradiated with a high power laser beam and then is cooled rapidly, a portion thus irradiated is changed 
to be in an amorphous state and as a result, a recording mark is formed. Similarly, when an amorphous portion of the 
recording layer is irradiated with a low power laser beam and then is cooled slowly, the portion thus irradiated is changed 
to be in a crystal phase and as a result, a recording mark is erased. Therefore, in the phase-change information re- 
cording medium, the recording layer is irradiated with laser beams having powers modulated between a high power 
level and a low power level, so that new information can be rewritten while previous information is erased. 
[0003] When information is to be rewritten, atoms move within the recording layer as the recording layer is trans- 
formed in phase between the crystal phase and the amorphous phase. As a result, in a conventional information 
recording medium, when rewriting is repeated, atoms may be concentrated locally to vary the thickness of the recording 
layer and this may cause deterioration in signal quality in some cases. Such repeated-rewriting performance is dete- 
riorated particularly with the increase in recording density. The reason is that when the recording density increases, 
the intervals between adjacent recording marks are shortened and therefore the influence of the concentration of atoms 
in the adjacent recording marks increases. 

[0004] In order to prevent the repeated-rewriting performance from being deteriorated, it is necessary to reduce the 
thickness of the recording layer to suppress the atom movement. In addition, the reduction in thickness of the recording 
layer also is a technique required to obtain a high density information recording medium with two recording layers. 
However, the reduction in thickness of the recording layer makes it difficult for atoms to move. Therefore, the crystal- 
lization rate of the recording layer decreases. The decrease in crystallization rate results in the deterioration in signal 
quality in a high density information recording medium in which small recording marks must be recorded in a short 
time. In addition, when the crystallization rate decreases, deterioration in crystallization sensitivity with time and that 
in erasing rate with time tend to occur. In other words, with the increase in recording density, it becomes difficult to 
achieve both the improvement in the repeated-rewriting performance and the suppression of the deterioration in crys- 
tallization sensitivity with time. 

[0005] In order to improve the repeated-rewriting performance, a recording layer containing Te, Ge, Sn, and Sb has 
been reported (see JP 2(1 990)- 147289 A). 

[0006] In the above-mentioned conventional recording layer, however, the crystallization rate was high but the re- 
peated-rewriting performance and long-term reliability of the crystallization sensitivity in high density recording were 
not sufficiently high. 

[0007] Therefore, with the foregoing in mind, it is an object of the present invention to provide an information recording 
medium that allows high density recording to be carried out, is excellent in repeated-rewriting performance, and is 
deteriorated less in crystallization sensitivity with time, and to provide a method of manufacturing the same. 
[0008] In order to achieve the above-mentioned object, an information recording medium of the present invention 
includes a substrate and a recording layer disposed above the substrate. The recording layer contains, as constituent 
elements, Ge, Sb, Te, Sn, and at least one element M selected from Ag, Al, Cr, Mn, and N. The term "constituent 
element' denotes an element indispensable for allowing a property of a material containing the element to be expressed. 
It is preferable that the recording layer consists essentially of Ge, Sb, Te, Sn, and at least one element M. The recording 
layer is transformed in phase reversibly between a crystal phase and an amorphous phase by an irradiation of energy 
beams. According to the information recording medium, it is possible to obtain an information recording medium that 
allows high density recording to be carried out, is excellent in the repeated- rewriting performance, and is deteriorated 
less in crystallization sensitivity with time. 

[0009] In the above-mentioned information recording medium, the recording layer may be formed of a material ex- 
pressed by a composition formula of 

[(Ge, Sn) A Sb 2 Te 3+A ] 100 . B M B , 

where 0 < A <, 1 0 and 0 < B 5 20. When A < 1 0, the repeated-rewriting performance can be prevented from deteriorating. 
When B <> 20, the deterioration in crystallization sensitivity with time can be prevented from worsening. 
[0010] In the above-mentioned information recording medium, the content of Sn in the recording layer may be 2 
atom.% to 20 atom.%. When the Sn content is set to be at least 2 atom.%, a sufficiently high crystallization rate can 
be obtained. In addition, when the Sn content is set to be not more than 20 atom.%, it is possible to increase the ratio 
of a quantity of reflected light when the recording layer is in a crystal phase to a quantity of reflected light when the 
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recording layer is in an amorphous phase. 

[001 1] In the above-mentioned information recording medium, the recording layer may have a thickness of 5 nm to 
15 nm. When the thickness of the recording layer is set to be at least 5 nm, the recording layer can be changed to be 
in a crystal phase easily. In addition, when the thickness of the recording layer is set to be not more than 15 nm, the 

5 repeated- rewriting performance can be prevented from deteriorating. 

[0012] The information recording medium further may include a first protective layer, a second protective layer, and 
a reflective layer. The first protective layer, the recording layer, the second protective layer, and the reflective layer may 
be formed sequentially on the substrate. In this case, the information recording medium further may include an interface 
layer disposed in at least one position selected from a position between the first protective layer and the recording 

10 layer and a position between the second protective layer and the recording layer. Furthermore, the information recording 
medium further may include an optical absorption compensation layer disposed between the second protective layer 
and the reflective layer. 

[0013] The information recording medium further may include a first protective layer, a second protective layer, and 
a reflective layer. The reflective layer, the second protective layer, the recording layer, and the first protective layer may 

15 be formed sequentially on the substrate. According to the above-mentioned configuration, an information recording 
medium can be obtained that allows particularly high density recording to be carried out. In this case, the information 
recording medium further may include an interface layer disposed in at least one position selected from a position 
between the first protective layer and the recording layer and a position between the second protective layer and the 
recording layer. Moreover, the information recording medium further may include an optical absorption compensation 

20 layer disposed between the reflective layer and the second protective layer. 

[0014] A method of manufacturing an information recording medium according to the present invention is directed 
to a method of manufacturing an information recording medium provided with a substrate and a recording layer disposed 
above the substrate. The method includes forming the recording layer by a vapor deposition method. The recording 
layer contains, as constituent elements, Ge, Sb, Te, Sn, and at least one element M selected from Ag, Al, Cr, Mn, and 

25 N. The recording layer is transformed in phase reversibly between a crystal phase and an amorphous phase by an 
irradiation of energy beams. According to the manufacturing method, an information recording medium of the present 
invention can be manufactured easily. 

[0015] In the above-mentioned manufacturing method, the vapor deposition method may be at least one method 
selected from a vacuum evaporation method, a sputtering method, an ion plating method, a chemical vapor deposition, 
30 and a molecular beam epitaxy. 

[0016] In the above-mentioned manufacturing method, the vapor deposition method may be a sputtering method 
using a gas containing at least one gas selected from nitrogen gas and oxygen gas and one rare gas selected from 
argon and krypton. 

[0017] In the manufacturing method, the recording layer may be deposited at a deposition rate of 0.5 nm/sec to 5 
35 nm/sec. According to the configuration described above, a recording layer in the amorphous state can be deposited. 
[0018] In the manufacturing method, the recording layer may have a thickness of 5 nm to 1 5 nm. 
[0019] FIG. 1 is a partial sectional view showing an example of an information recording medium according to the 
present invention. 

[0020] FIG. 2 is a partial sectional view showing another example of an information recording medium according to i 
40 the present invention. 

[0021] FIG. 3 is a schematic view of a recording/reproducing device used for evaluation of information recording 
media. 

[0022] Embodiments of the present invention are described with reference to the drawings as follows. 
45 Embodiment 1 

[0023] In Embodiment 1 , the description is directed to an example of an information recording medium according to 
the present invention. 

[0024] FIG. 1 shows a partial sectional view of an information recording medium 10 according to Embodiment 1 . The 
so information recording medium 10 includes: a substrate 11; a first protective layer 12a, a first interface layer 13a t a 
recording layer 14, a second interface layer 13b, a second protective layer 12b, an optical absorption compensation 
layer 15, and a reflective layer 16, which are laminated sequentially on the substrate 11 ; and a dummy substrate 18 
bonded to the reflective layer 16 with an adhesive layer 17. In other words, the information recording medium 10 is 
provided with the substrate 11 and the recording layer 14 disposed above the substrate 11 . The information recording 
55 medium 10 is irradiated with energy beams (generally, laser beams) 1 9 for recording and reproduction from the sub- 
strate 11 side. 

[0025] The recording layer 14 is transformed in phase reversibly between a crystal phase and an amorphous phase 
by the irradiation of the energy beams 1 9. Specifically, an irradiation of a high power energy beam 1 9 allows a crystal 
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phase portion of the recording layer 14 to change to an amorphous phase. An irradiation of a low power energy beam 
1 9 allows an amorphous phase portion of the recording layer 1 4 to change to a crystal phase. Preferably, the recording 
layer 1 4 has a thickness of 5 nm to 1 5 nm. 

[0026] The recording layer 1 4 contains, as constituent elements, Ge, Sb, Te, Sn, and at least one element M selected 
5 from Ag, Al, Cr, Mn, and N. Specifically, materials can be used that are expressed by a composition formula of 

[(Ge, Sn) A Sb 2 Te 3+A ] 100 . B M B , 

10 wherein 0 < A < 1 0 and 0 < B < 20. This composition formula indicates that Ge and Sn are contained in a total amount 
of [(1 00-B)-A] / (2A+5) atom.% in the recording layer 14. It is more preferable that A and B satisfy 2<A<8and2<B 
< 1 5, respectively. In the materials expressed by this composition formula, it is preferable that the Sn content is 2 atom. 
% to 20 atom.%. 

[0027] The materials expressed by the above-mentioned composition formula can be defined as materials prepared 
15 by substitution of part of Ge in a GeTe-Sb 2 Te 3 pseudobinary composition by Sn and addition of an element M thereto. 
The GeTe-Sb 2 Te 3 pseudobinary composition has been used as a material with a high crystallization rate. In this material, 
SnTe or PbTe is solved, so that the crystallization rate further can be increased. Both SnTe and PbTe have a rock-salt 
crystal structure like the GeTe-Sb 2 Te 3 pseudobinary. In addition, SnTe and PbTe have high crystallization rates and 
are solved with Ge-Sb-Te easily. Particularly, SnTe is preferable as a material to be solved in a GeTe-Sb 2 Te 3 pseudo- 
20 binary composition. 

[0028] For instance, it is preferred to use GeTe-SnTe-Sb 2 Te 3> which can be obtained by the mixture of SnTe with 
GeTe-Sb 2 Te 3 pseudobinary composition, as the material of the recording layer 14. In this case, when part of Ge is 
substituted by Sn and thus (Ge,Sn)Te-Sb 2 Te 3 is obtained, the crystallization rate further increases. 
[0029] The element M contained in the recording layer 1 4 is considered as having a function of suppressing the atom 

25 movement. The use of two elements of Al and Ag, Cr and Ag, or Mn and Ag as the element M can improve the repeated- 
rewriting performance, suppress the deterioration in crystallization sensitivity with time, and increase a signal amplitude. 
However, when the concentration of the element M or the number of elements is to be increased, it is preferred to 
increase the Sn concentration in the recording layer 14 to prevent the crystallization ratefrom being reduced. Preferably, 
the concentration of the element M is equal to or lower than the Sn concentration. 

30 [0030] The substrate 1 1 is a disc-like transparent substrate. As the material of the substrate 11 , for example, resins 
such as amorphous polyolef in or polymethyl methacrylate (PMMA) or glass can be used. At the su rface of the substrate 
11 on the recording layer 14 side, guide grooves for guiding the energy beams 19 may be formed. The surface of the 
substrate 11 on the energy beam 19 incident side is smooth and flat in general. The substrate has a thickness of, for 
instance, about 0.5 mm to 1.3 mm. 

35 [0031] The first and second protective layers 1 2a and 1 2b have a function of protecting the recording layer 1 4. The 
thicknesses of the first and second protective layers 12a and 12b are adjusted, so that the quantity of incident light on 
the recording layer 14 can be increased and the signal amplitude (the variation in quantity of reflected light before and 
after recording) also can be increased. The thickness of the protective layers can be determined by calculation based 
on, for example, a matrix method (see, for instance, Chapter 3 in "Wave Optics" by Hiroshi Kubota, published by 

40 Iwanami Shinsho, 1971). With this calculation, the thickness of the protective layers can be determined so that a 
considerable difference is obtained between the quantity of the light reflected from the recording layer 14 in a crystalline 
state and that reflected from the recording layer 14 in an amorphous state and so that the quantity of incident light on 
the recording layer 14 is increased. 

[0032] The first and second protective layers 12a and 12b are formed of, for example, dielectrics. Specifically, ma- 
45 terials used for the first and second protective layers 12a and 12b include oxides such as Si0 2 and Ta 2 0 5 , nitrides 
such as Si-N, Al-N, Ti-N, Ta-N, Zr-N, or Ge-N, sulfides such as ZnS, or carbides such as SiC. In addition, mixtures of 
such materials also can be used. Among them, ZnS-Si0 2 as a mixture of ZnS and Si0 2 is a particularly good material. 
The mixture ZnS-Si0 2 is an amorphous material, has a high refractive index, and is excellent in mechanical properties 
and moisture resistance. Furthermore, the mixture ZnS-Si0 2 can be deposited at a high deposition rate. The first and 
so second protective layers 1 2a and 1 2b may be formed of the same material or different materials. 

[0033] The first and second interface layers 1 3a and 1 3b are disposed between the first protective layer 1 2a and the 
recording layer 14 and between the second protective layer 12b and the recording layer 14, respectively. The first and 
second interface layers 13a and 13b have a function of preventing material migration occurring between the first pro- 
tective layer 12a and the recording layer 14 and between the second protective layer 12b and the recording layer 14. 
55 Materials that can be used for the first and second interface layers 13a and 1 3b include, for example, nitrides such as 
Si-N, Al-N, Zr-N, Ti-N, Ge-N, or Ta-N, nitride oxides containing them, or carbide such as SiC. In order to obtain excellent 
recording/erasing performance, preferably, the first and second interface layers 13a and 13b have a thickness in the 
range of 1 nm to 10 nm, and more preferably in the range of 2 nm to 5 nm. 



4 



EP 1 132 904 A2 



[0034] In the optical absorption compensation layer 1 5, the ratio of the optical absorptance when the recording layer 
1 4 is in a crystalline state to that when the recording layer 1 4 is in an amorphous state is adjusted. The optical absorption 
compensation layer 15 can prevent recording mark shapes from being distorted in rewriting. It is preferred to use a 
material having a high refractive index and absorbing light appropriately as the material of the optical absorption com- 
5 pensation layer 1 5. For instance, a material with a refractive index n of 3 to 6 and an extinction coefficient k of 1 to 4 
can be used. Specifically, an amorphous Ge alloy such as Ge-Cr or Ge-Mo, or an amorphous Si alloy such as Si-Cr, 
Si-Mo, or Si-W can be used. In addition, it also is possible to use crystalline metal, semi-metal, or a semiconductor 
material, such as a Si alloy, a telluride, Ti, Zr, Nb, Ta, Cr, Mo, W, SnTe, or PbTe. 

[0035] The reflective layer 1 6 has a function of increasing the quantity of light to be absorbed in the recording layer 
10 14. In addition, the formation of the reflective layer 1 6 allows heat generated in the recording layer 14 to be diffused 

quickly to facilitate the transformation in phase of the recording layer 14 to the amorphous phase. Furthermore, when 

the reflective layer 1 6 is formed, laminated layers can be protected from an operating environment. 

[0036] A single-element metal with high thermal conductivity such as, for example, Al, Au, Ag, or Cu, can be used 

as the material of the reflective layer 16. Alloys also may be used, including Al-Cr, Al-Ti, Ag-Pd, Ag-Pd-Cu, Ag-Pd-Ti, 
15 or the like. In such alloys, their compositions are varied, so that the moisture resistance and thermal conductivity can 

be adjusted. Furthermore, it may be possible to omit the reflective layer 16 depending on the material of the recording 

layer 14 and information recording conditions. 

[0037] The adhesive layer 1 7 is used for bonding the dummy substrate 1 8 to the reflective layer 1 6. The adhesive 
layer 17 is formed of a material with a high thermal resistance and high adhesiveness. For example, resins such as 
20 ultraviolet curable resins or the like can be used for the adhesive layer 17. Specifically, a material containing acrylic 
resin or epoxy resin as a main component can be used. The adhesive layer 1 7 also may be formed using a resin film, 
a dielectric film, a double sided tape or combinations thereof. 

[0038] The dummy substrate 18 is a disc-like substrate. The dummy substrate 18 has a function of improving the 
mechanical strength of the information recording medium 10. The dummy substrate 1 8 protects the laminated layers. 
25 The materials described with respect to the substrate 1 1 can be used for the dummy substrate 18. The material of the 
dummy substrate 18 may be the same as or different from that of the substrate 11 . In addition, the thickness of the 
dummy substrate 18 may be the same as or different from that of the substrate 11 . 

[0039] In the information recording medium 10 according to Embodiment 1, the recording layer 14 contains the 
elements M, Ge, Sb, Te, and Sn as constituent elements. According to the information recording medium 1 0, therefore, 

30 an information recording medium can be obtained that allows high density recording to be carried out, is excellent in 
the repeated-rewriting performance, and is deteriorated less in crystallization sensitivity with time. 
[0040] In Embodiment 1 , the information recording medium 1 0 with one recording layer 1 4 was described. However, 
the information recording medium of the present invention may be provided with two recording layers 14 (the same 
holds true in the following embodiments). For example, two information recording media 10 are laminated using an 

35 adhesive layer with their respective dummy substrates 18 adhering to each other, so that a two-sided information 
recording medium can be obtained. 

Embodiment 2 

40 [0041] In Embodiment 2, another example of an information recording medium of the present invention is described. 
The same portions as those described in Embodiment 1 are indicated with the same numerals and the duplicate de- 
scriptions will be omitted (the same holds true in the following embodiment). 

[0042] FIG. 2 shows a partial sectional view of an information recording medium 20 according to Embodiment 2. The 
information recording medium 20 includes: a first substrate 21 ; a reflective layer 1 6, an optical absorption compensation 

45 layer 15, a second protective layer 12b, a second interface layer 13b, a recording layer 14, a first interface layer 13a, 
and a first protective layer 12a, which are laminated sequentially on the first substrate 21 ; and a second substrate 22 
bonded to the first protective layer 12a with an adhesive layer 17. In other words, the information recording medium 
20 is provided with the first substrate 21 and the recording layer 14 disposed above the first substrate 21 . The infor- 
mation recording medium 20 is irradiated with energy beams (generally, laser beams) 1 9 for recording and reproduction 

50 from the second substrate 22 side. 

[0043] The same substrate as the substrate 11 can be used for the first substrate 21 . The second substrate is a 
transparent disc-like substrate and can be formed of the same material as that of the substrate 11 . At the surface of 
the second substrate 22 on the recording layer 1 4 side, guide grooves for guiding the energy beams 1 9 may be formed. 
Particularly, it is preferable that the surface of the second substrate 22 on the energy beam 1 9 incident side is smooth 

55 and flat. The second substrate 22 is thinner than the first substrate 21 and has a thickness of, for example, about 0.05 
mm to 0.5 mm. 

[0044] In the information recording medium 20, since the second substrate 22 is thinner than the first substrate 21 , 
the numerical aperture of an objective lens can be increased. In this case, a beam spot size wean be given by: 
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w = kWNA, 

wherein X denotes a wavelength of the energy beams 19, NA represents the numerical aperture of the objective lens, 
and k \s a constant. The spot size wis reduced with the decrease in the wavelength and with Increase in the numerical 
aperture NA. Therefore, in the information recording medium 20 allowing the numerical aperture of the objective lens 
to be increased, higher density recording is possible as compared to the case of the information recording medium 10. 
It has been reported that, for instance, an objective lens with a NA of 0.6 can be used when the substrate has a thickness 
of 0.6 mm, and an objective lens with a NA of 0.85 can be used when the substrate has a thickness of 0.1 mm (Kiyoshi 
Osato, "A Rewritable Optical Disk System with over 10GB of Capacity", Proc. SPIE. Optical Data Storage'98, 3401, 
80-86 (1998)). 

[0045] In the information recording medium 20, the recording layer 14 made of the material described with respect 
to the information recording medium 1 0 is used, so that the same effect as in the information recording medium 1 0 can 
be obtained. 

Embodiment 3 

[0046] In Embodiment 3, a method of manufacturing an information recording medium 1 0 is described as an example 
of a method according to the present invention. As described below, the manufacturing method according to Embod- 
iment 3 includes a step of forming a recording layer 14 by a vapor deposition method. 

[0047] First, a substrate 11 is prepared and is placed in deposition equipment. Single wafer deposition equipment 
with one power source in one vacuum chamber or in-line deposition equipment with a plurality of power sources in one 
vacuum chamber can be employed as the deposition equipment used in Embodiment 3. The following respective layers 
may be deposited using the same or different deposition equipment. 

[0048] A first protective layer 12a, a first interface layer 13a, a recording layer 14, a second interface layer 13b, a 
second protective layer 12b, an optical absorption compensation layer 15, and a reflective layer 16 are formed se- 
quentially on the substrate 11 . When grooves for guiding energy beams 19 are formed at the surface of the substrate 
1 1 , the first protective layer 12a is formed on the surface with the grooves. 

[0049] The first protective layer 12a, the first interface layer 13a, the second interface layer 13b, and the second 
protective layer 12b can be formed by, for instance, a sputtering method. Specifically, a base material made of a 
compound may be sputtered in an Ar gas atmosphere or an atmosphere of a gas mixture of an Ar gas and a reactant 
gas. A reactive sputtering method also may be used in which a base material made of metal is sputtered in an atmos- 
phere of a gas mixture of an Ar gas and a reactant gas. 

[0050] The recording layer 1 4 is made of the material described in Embodiment 1 and is formed by a vapor deposition 
method. At least one selected from a vacuum evaporation method, a sputtering method, an ion plating method, a 
chemical vapor deposition, and a molecular beam epitaxy can be used as the vapor deposition method. 
[0051] For example, the recording layer 14 can be formed by a sputtering method using a gas mixture containing at 
least one gas selected from nitrogen gas and oxygen gas and one rare gas selected from argon and krypton. Examples 
of the gas mixture include a gas mixture of nitrogen gas and argon, a gas mixture of nitrogen gas and krypton, or gas 
mixtures containing oxygen gas added thereto. Specifically, a base material (target) containing Ge, Sb, Te, Sn, and an 
element M is sputtered in the gas mixture atmosphere described above, so that the recording layer 14 can be formed. 
Five base materials corresponding to Ge, Sb, Te, Sn, and the element M, respectively, or a binary or ternary base 
material obtained by combination of some elements may be used as the base material. When the element M consists 
of nitrogen alone, a target containing Ge, Sb, Te, and Sn is sputtered in an atmosphere containing nitrogen gas, so 
that the recording layer 14 can be formed. 

[0052] The sputtering method allows easy formation of a recording layer expressed by 

[(Ge, Sn) A Sb 2 Te 3+A ] 100 . B M B , 

wherein 0 < A < 1 0 and 0 < B < 20. 

[0053] Preferably, the recording layer 1 4 is deposited at a deposition rate of 0.5 nm/sec to 5 nm/sec (more preferably, 
0.8 nm/sec to 3 nm/sec). 

[0054] After the formation of the second protective layer 12b, the optical absorption compensation layer 15 and the 
reflective layer 16 are formed on the second protective layer 12b. The optical absorption compensation layer 15 and 
the reflective layer 1 6 can be formed by sputtering of base materials made of metals in an Ar gas atmosphere. 
[0055] Next, the adhesive layer 17 is formed on the reflective layer 16 and the reflective layer 16 and the dummy 
substrate 18 are bonded to each other. Thus, the information recording medium 10 can be manufactured. An initiali- 
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zation step for crystallizing the whole recording layer 14 may be carried out as required. The initialization step can be 
carried out before or after the dummy substrate 1 8 is bonded. 

[0056] The information recording medium 20 also can be manufactured by the same method as in the case of the 
information recording medium 1 0. The respective layers of the information recording medium 20 can be formed by the 
same methods as in the case of the information recording medium 10. Furthermore, the second substrate 22 can be 
bonded to the first protective layer 1 2a with the adhesive layer 1 7 as in the case of the dummy substrate 1 8. Similarly 
in the method of manufacturing the information recording medium 20, the initialization step is carried out as required. 
The initialization step can be carried out before or after the second substrate 22 is bonded. In the information recording 
medium 20, the energy beams 19 are incident on the second substrate side 22, and therefore it is preferable that the 
thickness of the adhesive layer 17 is uniform throughout. 

[0057] According to the manufacturing method of Embodiment 3, information recording media of the present invention 
can be manufactured easily. 

EXAMPLES 

[0058] The present invention is described further in detail using examples as follows. 
Example 1 

[0059] In Example 1 , an example of the information recording medium 10 is described. The following description is 
directed to a method of manufacturing an information recording medium according to Example 1 . 
[0060] First, a polycarbonate substrate (with a thickness of 0.6 mm) with a spiral guide groove formed at its one 
surface was prepared as the substrate 1 1 . A ZnS-Si0 2 layer (the first protective layer 1 2a, with a thickness of 1 40 nm), 
a Ge-N layer (the first interface layer 13a, with a thickness of 5 nm), a recording layer (the recording layer 14), a Ge- 
N layer (the second interface layer 13b, with a thickness of 3 nm), a ZnS-Si0 2 layer (the second protective layer 12b, 
with a thickness of 40 nm), a GeCr layer (the optical absorption compensation layer 15, with a thickness of 40 nm), 
and a Ag alloy layer (the reflective layer 1 6, with a thickness of 80 nm) were formed sequentially on the polycarbonate 
substrate by the sputtering method. The thicknesses of the first protective layer 1 2a and the second protective layer 
12b were adjusted so that a larger signal amplitude (variation in quantity of reflected light) in a wavelength of 660 nm 
and a larger quantity of incident light on the recording layer can be obtained. These thicknesses were determined using 
the calculation based on the matrix method. 

[0061] The recording layer was formed using a material expressed by a composition formula of [(Ge, 
Sn) 4 Sb 2 Te 7 ]95N 5 . This recording layer contains Ge and Sn in atotal amount of 95x4/(4+2+7) < 29 atom.%. Specifically, 
the Ge content and the Sn content were set to be 24 atom.% and 5 atom.%, respectively. 

[0062] Afterward, an ultraviolet curable resin was spin-coated on the Ag alloy layer to form the adhesive layer 17. 
Finally, a dummy substrate (with a thickness of 0.6 mm) was allowed to adhere to the Ag alloy layer, which then was 
irradiated with ultraviolet rays. Thus, the Ag alloy layer and the dummy substrate were bonded. 
[0063] In Example 1 , the whole information recording medium was irradiated with the laser beams after the dummy 
substrate was bonded, so that the whole recording layer was crystallized. Thus, an information recording medium 
according to Example 1 was produced. In Example 1, eight types of information recording media 10 - 11 to 10 - 18 
having recording layers with different thicknesses were produced. 

[0064] On the other hand, information recording media were produced as comparative examples in the same manner 
as in the above-mentioned example except that the materials of the recording layers were changed. In these compar- 
ative examples, the recording layers were formed with a material expressed by a composition formula of Ge 4 Sb 2 Te 7 . 
Similarly in the comparative examples, eight types of information recording media C - 11 to C - 1 8 having the recording 
layers with different thicknesses were produced. 

[0065] With respect to the above-mentioned 16 types of information recording media, the repeated-rewriting per- 
formance and the deterioration in crystallization sensitivity with time were evaluated. The methods of evaluating them 
are described later. The evaluation results are shown in Table 1 . 



Table 1 



Information Recording 
Medium No. 


Thickness of Recording 
Layer [nm] 


Rewritable Number of 
Times 


Variation in Jitter Value [%] 


10-11 


3 


E1 


E2 


10-12 


5 


C1 


C2 


10-13 


7 


A1 


B2 
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Table 1 (continued) 



Information Recording 
Medium No. 


Thickness of Recording 
Layer [nm] 


Rewritable Number of 
Times 


Variation in Jitter Value [%] 


10-14 


9 


A1 


B2 


10-15 


11 


B1 


A2 


10-16 


13 


B1 


A2 


10-17 


15 


C1 


A2 


10-18 


17 


C1 


A2 


C- 11 


3 


E1 


E2 


C- 12 


5 


E1 


E2 


C-13 


7 


B1 


D2 


C-14 


9 


B1 


D2 


C-15 


11 


C1 


C2 


C-16 


13 


C1 


C2 


C- 17 


15 


D1 


B2 


C-18 


17 


D1 


B2 


200000 < A1 
100000 <B1 < 200000 
10000 <C1 < 100000 
D1 < 10000 
E1 : Unrewritable 
0<A2< 1 

1 < B2 < 2 

2 < C2 < 3 
3<D2 

E2 : Unevaluable 



[0066] In Table 1 , larger "Rewritable Number of Times" indicates better repeated- rewriting performance. A1 to D1 
represent the ranges described in the bottom of Table 1, respectively. El denotes that no rewriting was possible. In 
Table 1 , smaller "Variation in Jitter Value" indicates less deterioration in crystallization sensitivity with time. A2 to D2 
represent the ranges described in the bottom of Table 1 . E2 denotes that no evaluation was possible because the jitter 
values before a shelf test exceeded 13% both between leading edges of recording marks and between end edges of 
the recording marks. A1 to E1 and A2 to E2 in the following tables also indicate the same meanings as in the above. 
[0067] As shown in Table 1 , none of the information recording media C - 11 to C - 18 of the comparative examples 
showed the characteristics A or B both in the rewritable number of times and variation in jitter value. On the other hand, 
the information recording media 1 0 - 1 3 to 1 0 - 1 6 of Example 1 showed the characteristics A or B both in the rewritable 
number of times and variation in jitter value. 

[0068] On the average, the information recording media of Example 1 were excellent in the repeated- rewriting per- 
formance and were less deteriorated in crystallization sensitivity with time as compared to the comparative examples 
C - 1 1 to C - 1 8. It is conceivable that the improvement in the repeated-rewriting performance resulted from the addition 
of nitrogen. In addition, it also is conceivable that the deterioration in crystallization sensitivity with time was suppressed 
because of the increase in crystallization rate due to the substitution of part of Ge in Ge 4 Sb 2 Te 7 by Sn. 

Example 2 

[0069] In Example 2, the description is directed to an example in which the information recording medium 10 was 
produced with the Sn content in the recording layer being varied. 

[0070] Information recording media were produced as in Example 1 except that the thickness of the recording layers 
was set to be 7 nm and the Sn contents in the recording layers were varied. In the information recording media of 
Example 2, the recording layers were formed using a material expressed by a composition formula of [(Ge, 
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Sn) 4 Sb 2 Te 7 ] 95 N 5 . Eight types of information recording media 10 - 21 to 10 - 28 were produced with the Sn content 
varied between 2 atom.% to 25 atom.% and the Ge content varied between 27 atom.% to 4 atom.%. The information 
recording medium 1 0-22 is identical with the information recording medium 1 0 - 1 3. In addition, an information recording 
medium C - 21 that is free from Sn also was produced as a comparative example. 
5 [0071] With respect to the information recording media 10 - 21 to 28 and C - 21 , the variations in jitter value were 
measured by the method described later and thus the deterioration in crystallization sensitivity with time was evaluated. 
The evaluation results are shown in Table 2. 



Table 2 



10 





Ge/Sn Contents in Recording Layer 




Information Recording Medium No. 


Ge[atom.%] 


Sn[atom.%] 


Variation in Jitter Value [%] 


10-21 


27 


2 


C2 


10-22 


24 


5 


B2 


10-23 


22 


7 


B2 


10-24 


19 


10 


A2 


10-25 


14 


15 


A2 


10-26 


9 


20 


A2 


10-27 


6 


23 


E2 


10-28 


4 


25 


E2 


C -21 


29 


0 


D2 



[0072] As shown in Table 2, excellent characteristics were obtained when the Sn content was in the range between 
2 atom.% and 20 atom.%. 



30 Example 3 

[0073] In Example 3, the description is directed to an example in which the information recording medium 10 was 
produced with the element M being varied. 

[0074] Information recording media were produced as in Example 1 except that the element M was varied and the 
35 thickness of the recording layers was set to be 11 nm. In the information recording media of Example 3, the recording 
layers were formed using a material expressed by a composition formula of [(Ge, Sn) 4 Sb 2 Te 7 ] 95 M 5 . The Ge content 
was set to be 24 atom.% and the Sn content to be 5 atom.%. In Example 3, five types of information recording media 
10 - 31 to 10 - 35 were produced using Mn, Ag, Cr, Al, or N as the element M. In addition, an information recording 
medium C - 31 that is free from the element M also was produced as a comparative example. 
40 [0075] With respect to the information recording media 1 0 - 31 to 35 and C - 31 , the repeated-rewriting performance 
was evaluated by the method described later. The evaluation results are shown in Table 3. 



Table 3 



Information Recording Medium No. 


Element M 


Rewritable Rewritable Number of Times 


10-31 


Mn 


150000 


10-32 


Ag 


90000 


10-33 


Cr 


160000 


10-34 


Al 


180000 


10-35 


N 


150000 


C-31 


None 


70000 



55 [0076] As shown in Table 3, the use of Mn, Ag, Cr, Al, or N as the element M allowed the rewriting performance to 
improve. This effect was quite large, particularly when Mn, Cr, Al, or N was used. In addition, when Ag was used as 
the element M, the signal amplitude increased and thus the jitter values between leading edges of recording marks 
and between end edges of the recording marks were increased. 
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Example 4 

[0077] In Example 4, the description is directed to an example in which the information recording medium 10 was 
produced using Mn as the element M. 

[0078] Information recording media were produced as in Example 1 except for using Mn as the element M. In the 
information recording media of Example 4, the recording layers were formed using a material expressed by a compo- 
sition formula of [(Ge, Sn^ShgTeylggMng. The Ge content was set to be 24 atom.% and the Sn content to be 5 atom. 
%. In Example 4, eight types of information recording media 1 0 - 41 to 1 0 - 48 were produced with the recording layers 
having different thicknesses. 

[0079] With respect to the information recording media 10 - 41 to 10 - 48, the repeated-rewriting performance and 
the deterioration in crystallization sensitivity with time were evaluated by the methods described later. The evaluation 
results are shown in Table 4. 



Table 4 



Information Recording 
Medium No. 


Thickness of Recording 
Layer [nm] 


Rewritable Number of 
Times 


Variation in Jitter Value [%] 


10-41 


3 


E1 


E2 


10-42 


5 


C1 


C2 


10-43 


7 


A1 


B2 


10-44 


9 


B1 


B2 


10-45 


11 


B1 


A2 


10-46 


13 


B1 


A2 


10-47 


15 


C1 


A2 


10-48 


17 


D1 


A2 



[0080] As shown in Table 4, the use of Mn as the element M allowed information recording media to be obtained 
which were excellent in the repeated-rewriting performance and were deteriorated less in crystallization sensitivity with 
time. Particularly, these two characteristics were excellent when the thickness of the recording layer was 7 nm to 13 
nm. In addition, random signals recorded before the leave-standing step were reproduced without the variation in jitter 
value. As a result, it was confirmed that there also was no problem in archival property since was not found. 



Example 5 

[0081] In Example 5, the description is directed to an example in which the information recording medium 10 was 
produced with the content of the element M and the Sn content being varied. 

[0082] Information recording media were produced as in Example 1 except that Cr was used as the element M and 
the Sn content was varied. The recording layers were formed using a material expressed by a composition formula of 
[(Ge, Sn) 4 Sb 2 Te 7 ] 95 Cr 5 . The Sn content was varied from 0 atom.% to 25 atom.% and the Ge content from 29 atom.% 
to 4 atom.%. The thickness of the recording layer was set to be 9 nm. 

[0083] With respect to a plurality of information recording media thus produced, the repeated-rewriting performance 
and the deterioration in crystallization sensitivity with time were evaluated by the methods described later. The ranges 
in which particularly excellent results were noted as a result of the evaluations were indicated by the mark * in Table 5 . 
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Table 5 



10 



15 



Cr Content 
[atom.%] 


Sn Content [atom.%] 


0 


2 


5 


7 


10 


15 


20 


23 


25 


0 




















2 






* 


* 


♦ 


* 








5 








* 


* 


* 


* 






7 












* 


* 






10 












* 


* 






15 














* 






20 




















23 




















25 





















20 



25 



[0084] The mark * denotes that the rewritable number of times was at least 1 00000 and the variation in jitter value 
was not more than +2%. As shown in Table 5, the use of a material containing 5 atom.% to 20 atom.% Sn and 2 atom. 
% to 15 atom.% Cr allowed information recording media to be obtained which were excellent in the repeated- rewriting 
performance and were deteriorated less in crystallization sensitivity with time. 

[0085] In addition, the same test was carried out using Mn or Al as the element M. As a result, the same results were 
obtained as in the information recording media using Cr as the element M. 

[0086] Furthermore, the same test was carried out using Ag and Mn, Ag and Al, or Ag and Cr as the element M. The 
Ag content was set to be 1 atom.%. As a result, information recording media with excellent characteristics were obtained 
when the Sn content was set to be 5 atom.% to 20 atom.% and the content of Mn, Al, or Cr 1 atom.% to 13 atom.%. 



30 Example 6 



35 



40 



45 



50 



55 



[0087] The description in Example 6 is directed to an example in which the information recording medium 20 was 
produced. 

[0088] First, a polycarbonate substrate (with a thickness of 1.1 mm) with a spiral guide groove formed at its one 
surface was prepared as the first substrate 21 . Then, a Ag ailoy layer (the reflective layer 16, with a thickness of 80 
nm), a Te compound layer (the optical absorption compensation layer 15, with a thickness of 20 nm), a ZnS-Si0 2 layer 
(the second protective layer 12b, with a thickness of 11 nm), a Ge-N layer (the second interface layer 13b, with a 
thickness of 3 nm), a recording layer (the recording layer 1 4), a Ge-N layer (the first interface layer 1 3a, with a thickness 
of 5 nm), and a ZnS-Si0 2 layer (the first protective layer 12a, with a thickness of 60 nm) were formed sequentially on 
the polycarbonate substrate by the sputtering method. The thicknesses of the first protective layer 12a and the second 
protective layer 12b were adjusted so that a larger signal amplitude (variation in quantity of reflected light) in a wave- 
length of 405 nm and a larger quantity of incident light on the recording layer were obtained. These thicknesses were 
determined using the calculation based on the matrix method. 

[0089] The recording layer was formed using a material expressed by a composition formula of [(Ge, 
Sn) 4 Sb2Te 7 ] 95 Mn 5 . The Ge and Sn contents were set to be 19 atom.% and 10 atom.%, respectively. 
[0090] Afterward, an ultraviolet curable resin was applied to the first protective layer to form the adhesive layer 17. 
Finally, a second substrate (the second substrate 22, with a thickness of 0.1 mm) was allowed to adhere to the first 
protective layer, which then was irradiated with ultraviolet rays. Thus, the first protective layer and the second substrate 
were bonded. 

[0091] In Example 6, after the second substrate was bonded, the whole information recording medium was irradiated 
with laser beams, so that the whole recording layer was crystallized. Thus, an information recording medium according 
to Example 6 was produced. In Example 6, seven types of information recording media 20 - 1 to 20 - 7 having recording 
layers with different thicknesses were produced. With respect to these information recording media, the repeated- 
rewriting performance and the deterioration in crystallization sensitivity with time were evaluated by the evaluation 
methods described later. In Example 6, high density recording was carried out using laser beams with a wavelength 
of 405 nm and an objective lens with a NA of 0.8 and thus the characteristics were evaluated. The evaluation results 
are shown in Table 1 . 
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Table 6 



Information Recording 

MoHitim Kin 


Thickness of Recording 
I aver fnml 


Rewritable Number of 
Times 


Variation in Jitter Value [%] 


?n - 1 


5 


E1 


E2 


20-2 


7 


B1 


C2 


20-3 


9 


B1 


B2 


20-4 


11 


B1 


B2 


20-5 


13 


B1 


B2 


20-6 


15 


C1 


B2 


20-7 


17 


E1 


E2 



[0092] As shown in Table 6, it was possible to obtain information recording media that were excellent in repeated- 
rewriting performance and were deteriorated less in crystallization sensitivity with time in high density recording. It is 
conceivable that this is because part of Ge of Ge 4 Sb 2 Te7 was substituted by Sn and Mn was added as the element M. 
[0093] In addition, the same test was carried out using Cr or Al as the element M and the same results were obtained 
as in the information recording media produced using Mn as the element M. 

[0094] Moreover, the same test was carried out using Ag and Mn, Ag and Al, or Ag and Cr as the element M. The 
Ag content was set to be 1 atom.%. The content of Mn, Al, or Cr was set to be 4 atom.%. As a result, the same results 
were obtained as in the information recording media produced using Mn as the element M. 

Evaluation of Repeated- Rewriting Performance 

[0095] The following description is directed to a method of evaluating the repeated-rewriting performance. 
[0096] FIG. 3 shows a schematic view of a recording/reproducing device used for the evaluation. The recording/ 
reproducing device includes a spindle motor 32 for revolving an information recording medium 31 , an optical head 34 
provided with a semiconductor laser 33, and an objective lens 35. Laser beams 36 emitted from the semiconductor 
laser 33 are converged by the objective lens 35 and a recording layer of the information recording medium 31 is 
irradiated therewith. The information recording media produced in the examples are used as the information recording 
medium 31 . 

[0097] In the evaluations in Examples 1 to 5, a semiconductor laser 33 with a wavelength of 660 nm and an objective 
lens 35 with a numerical aperture of 0.6 were used, and the linear velocity was set to be 8.2 m/sec. In the evaluation 
in Example 6, a semiconductor laser 33 with a wavelength of 405 nm and an objective lens 35 with a numerical aperture 
of 0.8 were used, and the linear velocity was set to be 8.6 m/sec. 

[0098] For the evaluation of the repeated-rewriting performance, random signals were recorded while the laser 
beams 36 were modulated to have a high output peak power Pp and a low output bias power Pb. Then, the jitter value 
between leading edges of recording marks and that between end edges of the recording marks were measured, and 
they were averaged. Thus, the mean jitter value was calculated. The repeated- rewriting performance was evaluated 
in terms of the rewriting number of times (the rewritable number of times in the tables) before the mean jitter value 
reached 1 3% when signals were recorded repeatedly using the laser beams 36 with Pp and Pb. When the information 
recording medium is to be used as an external memory of a computer, the preferable rewritable number of times is at 
least 1 00000. When the information recording medium is to be used as an image/voice recorder, the rewritable number 
of times of 1 0000 is considered as being sufficient. 

Evaluation of Deterioration in Crystallization Sensitivity with Time 

[0099] The following description is directed to a method of evaluating the deterioration in crystallization sensitivity 
with time. 

[0100] Initially, random signals were recorded on an information recording medium ten times by the same method 
as in the evaluation of the repeated-rewriting performance, and the jitter value between leading edges of recording 
marks and that between end edges of the recording marks were measured. 

[0101] Next, the information recording medium was left in an environment with a temperature of 90°C and a relative 
humidity of 20% for 24 hours (a leave-standing step). Afterward, the signals recorded before the leave-standing step 
were overwritten by random signals once. Then, the jitter value between leading edges of recording marks and that 
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between end edges of the recording marks were measured. 

[0102] The "Variation in Jitter Value [%]" in the tables is given by (Variation in Jitter Value [%]) < (Jitter Value After 
Leave-Standing Step [%]) - (Jitter Value Before Leave-Standing Step [%]). 

[0103] When the crystallization sensitivity does not vary before and after the leave-standing step, the variation in 
jitter value hardly occurs. On the contrary, when the crystallization sensitivity decreases after the leave-standing step, 
the variation in jitter value increases. Therefore, it can be understood that the less the jitter value varies, the less the 
crystallization sensitivity is deteriorated with time. Practically, it is preferable that the worse one of the variations in jitter 
value between leading edges and end edges is not more than +2%. 



Claims 

1. An information recording medium, comprising: 

15 a substrate; and 

a recording layer disposed above the substrate, 

wherein the recording layer comprises, as constituent elements, Ge, Sb t Te, Sn, and at least one element M 
selected from Ag, Al, Cr, Mn, and N and is transformed in phase reversibly between a crystal phase and an 
amorphous phase by an irradiation of an energy beam. 

20 

2. The information recording medium according to claim 1 , wherein the recording layer is formed of a material ex- 
pressed by a composition formula of 



25 [(Ge,Sn) A Sb 2 Te 3+A ] 100 . B M B , 

where 0 < A < 10 and 0 < B < 20. 

3. The information recording medium according to claim 1 or 2, wherein a content of Sn in the recording layer is 2 
30 atom.% to 20 atom.%. 

4. The information recording medium according to claim 1 , wherein the recording layer has a thickness of 5 nm to 
15 nm. 

35 5. The information recording medium according to claim 1 , further comprising a first protective layer, a second pro- 
tective layer, and a reflective layer, 

wherein the first protective layer, the recording layer, the second protective layer, and the reflective layer are 
formed sequentially on the substrate. 

40 6. The information recording medium according to claim 1 , further comprising a first protective layer, a second pro- 
tective layer, and a reflective layer, 

wherein the reflective layer, the second protective layer, the recording layer, and the first protective layer are 
formed sequentially on the substrate. 

4 5 7. The information recording medium according to claim 5 or 6, further comprising an interface layer disposed in at 
least one position selected from a position between the first protective layer and the recording layer and position 
between the second protective layer and the recording layer. 

8. The information recording medium according to claim 5 or 6, further comprising an optical absorption compensation 
50 layer disposed between the reflective layer and the second protective layer. 

9. A method of manufacturing an information recording medium including a substrate and a recording layer disposed 
above the substrate, the method comprising forming the recording layer by a vapor deposition method, 

wherein the recording layer comprises, as constituent elements, Ge, Sb, Te, Sn, and at least one element 
55 m selected from Ag, Al, Cr, Mn, and N and is transformed in phase reversibly between a crystal phase and an 

amorphous phase by an irradiation of an energy beam. 

10. The method of manufacturing an information recording medium according to claim 9, wherein the vapor deposition 
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method is at least one method selected from a vacuum evaporation method, a sputtering method, an ion plating 
method, a chemical vapor deposition, and a molecular beam epitaxy. 

11. The method of manufacturing an information recording medium according to claim 9, wherein the vapor deposition 
method is a sputtering method using a gas comprising at least one gas selected from nitrogen gas and oxygen 
gas and one rare gas selected from argon and krypton. 

12. The method of manufacturing an information recording medium according to any one of claims 9 to 11, wherein 
the recording layer is deposited at a deposition rate of 0.5 nm/sec to 5 nm/sec. 

13. The method of manufacturing an information recording medium according to any one of claims 9 to 12, wherein 
the recording layer has a thickness of 5 nm to 15 nm. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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